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Abstract: This study assesses, adapting the weather types method, the suitability of the climate
in Jardines del Rey (Cuba) for the practice of sun and beach tourism over the period 1991–2014,
and the potential future impacts of climate change on this form of tourism on the basis of outputs
from the PRECIS-Caribbean Regional Climate Model for the period 2021–2050. The methodology
applied makes a classification of daily situations according to the most frequent combinations of
climatological variables in tropical areas while focusing on a very specific segment of the tourism
market (sun and beach tourism) and taking into account the behaviour of beach users and bioclimatic
criteria. The results indicate that the distribution of weather types at the destination during the period
1991–2014 was highly consistent with the monthly distribution of tourists in Cuba, highlighting the
existence of a low season from May to October and a high season between November and April.
The future scenarios project an improvement in climate conditions for the practice of sun and beach
tourism. This improvement is not based on a spectacular increase in favourable weather types
compared to unfavourable ones, but rather on a better distribution of both.
Keywords: weather types method; sun and beach tourism; tourism behaviour; climate change; Cuba
1. Introduction
Coastal tourism is widely considered the most important segment in the tourism industry
worldwide and “sun and beach” tourism is its most important variant [1–3]. This is especially true in
many island states, in which “sun and beach” tourism has become the main business activity, generating
substantial income and profits and boosting general economic development [4,5]. One example is
the Caribbean, in which the increasing importance of this sector is manifested in figures provided by
the UNWTO: 25.7 million international tourists visited the Caribbean subregion in 2018, generating
an income of USD 32 billion. These highly significant figures translate into market shares within the
Americas region of 11.9% and 9.6%, respectively [6]. These islands’ main resources in terms of tourist
attractions are their climate and beaches, which means that climate change could pose a serious threat
to all of them (although the exact situation varies greatly from state to state). The IPCC Fifth Assessment
Report concluded that [7] (p. 1628) “for the SRES A2 and B2 scenarios, the PRECIS regional climate
model projects an increase in temperature across the Caribbean of 1 ◦C to 4 ◦C compared to a 1960–1990
baseline, with increasing rainfall during the latter part of the wet season from November to January in
Atmosphere 2020, 11, 1295; doi:10.3390/atmos11121295 www.mdpi.com/journal/atmosphere
Atmosphere 2020, 11, 1295 2 of 18
the northern Caribbean (i.e., north of 22◦ N) and drier conditions in the southern Caribbean linked to
changes in the Caribbean Low Level Jet with a strong tendency to drying in the traditional wet season
from June to October” [8–10]. These projections suggest that the Caribbean island states as a whole,
whose economies are highly vulnerable to changes in the climate, could be subject to serious impacts
that could put their medium- and long-term development in jeopardy [11–18].
In this context, evaluating the climate potential for sun and beach tourism is a key task and a first
step on the way to estimating the direct impacts of climate change on the tourism sector in general and
on certain specific regions in particular [19–21]. In the academic field of tourism climatology, the sun and
beach segment of the tourism sector has been the subject of a large number of potentiality assessments
due to its high dependence on weather conditions [22–24] and its leading role within the wide range of
available tourism products worldwide. Many of the research papers that have assessed the potential of
climates for sun and beach tourism have tried to measure or quantify it using climate tourism indexes
such as the Tourism Climate Index [25–29], the Climate Index for Tourism [30], the Climate Tourism
Information Scheme [31–34], the Beach Climate Index [35], the Beach Utility Index [36] and the Holiday
Climate Index [37], among others. However, relatively few assessments have been made of the tourism
potential of a particular climate using the weather types method, in spite of the fact that it is based on
the true state of weather and more accurately reflects the nature of the atmospheric medium by rejecting
both the exclusive use of one single climate element and the use of potentially misleading average
values (instead using the daily figure, which is real and tangible for people) [23,38–47]. It is important to
point out that the results obtained from the application of the different assessment proposals have also
depended on the procedures used to calculate the suitability thresholds for the different atmospheric
variables. At times, these procedures have been based on expert opinion [27,39,48]. On other occasions,
procedures have been based on bioclimatic criteria [49–52], declared preferences (stated preferences
approaches using surveys or interviews) [23,43,53–59] and/or revealed preferences (tourist behavioural
observation) [46,51,60,61]. The sun and beach tourist destinations that have most frequently been the
subject of this kind of research are in the Mediterranean, Pacific and Caribbean Lesser Antilles regions.
Research has focused, above all, on assessing the potential of these areas for this kind of tourism and
on calculating their suitability thresholds for the different atmospheric variables (Table 1).
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Table 1. Daily climatic (ideal/unacceptable) threshold conditions for beach tourism.
Region Tempretuare Precipitation(mm or h)
Sun (h)/Could Conditions
(%) Wind (m s
−1) Source
Ideal Unacceptable Ideal Unacceptable Ideal Unacceptable Ideal Unacceptable
Spain 22–28 <16; >33 0 h >3 h >11 h ≤5 h <8 >12 Gómez-Martín (2006) [43]
Canada 27 - - - 25% - ≤2.5 - Scott, et al. (2008) [62]
New Zealand 25 - - - - - ≤2.5 - Scott, et al. (2008) [62]
Sweden 29 - - - 0% - ≤2.5 - Scott, et al. (2008) [62]
Belgium 28 - - - >8 h/0% - ≤2.5 - Moreno (2010) [63]
Europe 27–32 <22; >37 0 h ≥2 h 25% ≥75% ≤2.5 ≥11.4 Rutty & Scott (2010) [64]
Germany 27–3225–32 <22; >36
<22; >34 0 h ≥2.5 h 25% ≥75% ≤2.5 ≥11.4 Wirth (2010) [65]
Spain 28–31 - 0 h - >75% - <8 - Martínez-Ibarra (2011) [46]
Spain 29.5–31 <20.8 0 h0 mm
>1 h
>1 mm >80% <30% <8–10 >12
Gómez-Martín &
Martínez-Ibarra (2012) [60]
Caribbean 27–30 <23; >34 <15 min ≥2 h 25% ≥75% ≤2.5 ≥11.4 Rutty & Scott (2013) [55]
Greece 28–32 <22; >39 0 h ≥2.5 h 25% ≥75% ≤2.5 - Georgopoulou (2019) [36]
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The objective of this research was to assess, adapting the weather types method, the suitability of
the climate in Jardines del Rey (Cuba) for the practice of sun and beach tourism and how this might be
affected by climate change. The Greater Antilles, the Caribbean region in which this area is located,
has been a subject of little research in the tourism climatology field to date [66], a situation that needs
to be remedied. The Cuban tourist region of Jardines del Rey a group of Keys which, together, form
the eastern part of the Sabana-Camagüey Archipelago, situated to the north of the island of Cuba just
off the coast of the central provinces. The climate conditions in Jardines del Rey may be considered
representative of the tourist regions in the north of the island of Cuba, which specialize in sun and
beach tourism (Table 2).
Table 2. Monthly mean values in Jardines del Rey (meteorological station of Cayo Coco, Cuba).
Variables January February March April May June July August September October November December
Precipitations (mm) 41.0 35.9 32.6 50.6 132.1 133.4 82.9 101.8 145.0 165.8 90.6 45.7
Maximum Temperature (◦C) 25.9 26.6 27.3 28.5 29.6 30.8 31.5 31.8 31.4 29.9 27.7 26.5
Environmental Temperature (◦C) 23.4 23.6 24.3 25.4 26.5 27.7 28.6 28.5 27.9 27.2 25.6 24.2
Wind Speed (km/h) 13.3 12.6 13.1 12.3 9.4 7.8 8.1 8.1 8.6 10.1 13.8 13.8
Duration of Sunlight (h) 7.5 8.6 9.3 10.1 9.1 8.1 9.3 9.1 8.3 7.8 6.7 7.3
Cloud Cover (okts) 3.9 3.3 3.4 3.5 4.2 4.7 4.1 4.4 4.7 4.5 4.3 4.3
Together with Varadero and Polo Turístico Norte de Holguín, Jardines del Rey has become
one of the most popular tourist destinations on the island with various large resorts, such as Cayo
Coco and Cayo Guillermo, that are well known internationally for sun and beach tourism. With its
4.7 million foreign tourists, Cuba is the second most important tourist destination in the Caribbean
region after the Dominican Republic [6,67]. Tourism has become one of the most important drivers of
the island’s economy and the second largest source of income after the sale of professional services
abroad, contributing 10% of the gross domestic product (GDP) and creating more than half a million
jobs. This situation explains the interest in studying the direct impacts of climate change on tourism
on the island, as the resulting information could provide a starting point from which to develop new
strategies that would enable this key economic sector to adapt to future climate scenarios.
2. Materials and Methods
2.1. Weather Types Method Approach
The studies carried out in the field of tourism climatology using the weather types method have
focused, above all, on two meanings of this term. The first meaning is based on the concept of synoptic
weather type defined by Pédelaborde [68], which refers to a well-defined meteorological situation with
its weather, air masses and centres of action. The second meaning is based on the physionomic concept
defined by Hufty [69], which understands weather type as the everyday combination of climatological
variables. As occurs with the various climate tourism indexes [62,70,71], the weather types method
also has a number of limitations, which have been resolved to a greater or lesser degree through the
different contributions made by researchers in this field.
The first studies in the field of tourism climatology that used weather types, in the sense defined
by Hufty [69], were those of Masterton, Crowe and Baker [47], Gates [42] and Crowe and McKay and
Baker [41]. Their proposals established favourable and unfavourable weather types for up to six types
of tourism/tourism activities. This segmentation, together with the inclusion of comfort as a factor
for consideration (measured using the Humidex), was an important step forward that highlighted
the complex nature of research in the field of tourism climatology. In spite of these advances and of
the easy interpretation of the graph-based calendars, the proposals made by these authors had three
weaknesses. The first was related to the fact that the thresholds established for some of the atmospheric
variables were not exact (in particular, those for the state of the sky), while the second was related
to the lack of any empirical comparison or checking. The third, and most important, weakness was
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related to the binary method of classifying weather types as either suitable or unsuitable, which did
not allow for different levels of suitability in the favourable weather types.
Besancenot, Mounier and de Lavenne [40], once again using the approach presented by Hufty [69],
proposed a classification of favourable and unfavourable weather types (in different degrees) for the
practice of tourism in general, which considered the main atmospheric demands of the tourist in terms
of enjoyment, comfort and safety. This approach to the classification of the weather types allowed them
to individualize the most relevant, everyday combinations of the main types of climate experienced by
tourists in different atmospheric contexts (temperate, tropical, polar and subpolar latitudes), which was
a fundamental issue given that the environmental conditions of the tourist destination have a strong
influence on tourists’ expectations and behaviour. In spite of these strengths, this proposal also had a
number of limitations. The first limitation was the fact that the proposal assessed weather types for the
practice of tourism in general, and as a result neglected the fact that each tourism activity requires
specific atmospheric conditions for its practice. The second limitation was the fact that it established
the suitability thresholds on the basis of expert opinion. Numerous research studies have followed
these original guidelines of Besancenot, Mounier and de Lavenne [40], including, among others, those
conducted by the authors of [38,66,72]. The work of all these authors has served as an inspiration for the
different research studies that have tried to overcome some of the limitations referred to above. In the
case of Mediterranean climates, these include the studies by Gómez-Martín [23,43,73], which introduced
the preferences of tourists, as expressed in surveys, in the ranking of the weather types and in the
establishment of thresholds for the atmospheric variables, as well as those by Martínez-Ibarra [45,46],
which took into account the behaviour of sun and beach tourists.
Barbière [39], referring to both meanings of weather types mentioned above, based his proposals
for tourism climatology on the impossibility of separating the weather experienced by tourists from
the mechanisms that produce it, presenting a very useful feature, namely a classification of different
levels of suitability. The lack of segmentation in Barbière’s classification, the lack of any empirical
checking of the levels of suitability established, the fact that the multidimensional variable “comfort”
was only considered in passing and the complexity and difficulty involved in interpreting the results
led to this proposal being largely unsuccessful.
All these studies, conducted over the course of several decades, created a base on which to develop
new proposals that tried to correct the main weaknesses detected while making the most of their
innumerable strengths, so allowing great strides to be made in the field of tourism climatology.
2.2. Methodology
The weather types method applied here makes a classification of daily situations according to
the most frequent combinations of climatological variables. This classification is then subjected to an
analysis of frequencies within the context of the particular tourist destination, in this case, Jardines
del Rey in Cuba. To this end, in this study, we used a modified version of the original classification
of weather types for tropical climates proposed by Besancenot [48], the main differences being that
we focused on a very specific segment of tourist demand and that we decided not to refer to expert
opinion when establishing the suitability thresholds for the atmospheric variables under consideration.
In this way, the new classification enabled us to assess climate potential (present and future) for the
practice of sun and beach tourism at the selected destination, taking into account tourist behaviour as
observed in previous research and bioclimatic criteria. Hence, this adaptation overcomes the inherent
limitations in the original method, first with regard to the universal nature or lack of segmentation in
the weather types proposal (the typology presented here is specific for the sun and beach segment of
the tourism market), and second, in the sense that the original list was based on the authors’ criteria,
whereas the list we used was linked to empirical observations (the hierarchization of the variables
and the establishment of favourable and unfavourable thresholds in the typology presented here are
referenced to the behaviour of sun and beach tourists and to bioclimatic criteria).
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In this way, the weather types established take into account the needs of tourists in terms of
comfort, enjoyment and safety. Each of these three tourism climate needs is associated with one of the
three facets of climate conceptualized by Perry [74] and De Freitas [22] when analysing its effect on
tourism: The aesthetic facet, the thermal facet and the physical facet (Table 3). The set of parameters
used to assess these needs were as follows: Daily amount of sunshine (hours), cloud cover at 13:00
(oktas of cloud cover), duration of daily precipitations (hours) or the amount of daily precipitation
(mm), maximum daily temperature (◦C), wind speed at 13:00 (m/s). Values for various indexes were
also calculated, including the Wind Chill Index proposed by Siple and Passel to measure the cooling
power of the wind (W/m2), Thom’s thermal discomfort index (◦C) and the humidity comfort index
(hPa), calculated at the hottest time of day (in practice at 13:00 every day).
Table 3. Needs of tourists and facets of the climate.
Needs of Tourists Effect on Tourists Climate Facets Atmospheric Variables Involved
Enjoyment Psychological Aesthetic Sunshine, Cloud Cover, Visibility, Fog,Length of the Day, etc.
Comfort Physiological Thermal Air Temperature, Humidity, Wind Speed,Solar Radiation, etc.
Safety Mechanical Physical Wind Speed, Amount and Duration ofPrecipitation, UV Index, etc.
Source: Based on [22,23,48,74,75].
In this study, we used the results of previous research, in which the behaviour of sun and beach
tourists in the Iberian Peninsula was observed using nonintrusive techniques, as a reference [60].
The authors of [60] analysed the density of use of beaches (via webcam) and how this varied in
line with changes in the different atmospheric parameters. The results suggested that the variables
that most affect the use of beaches are sunshine, precipitation, maximum temperature and thermal
comfort. It is therefore essential to consider these parameters in the new classification. Sun and beach
tourists have also shown themselves to be more tolerant to high temperatures and heat discomfort than
other segments of tourist demand. This suggests that the thresholds for these parameters should be
broadened, while respecting the bioclimatic recommendations at all times. This finding was also noted
in various different research studies on this segment of the tourism market on the basis of preferences
declared in surveys [23,35,43,57,62–65,70]. Regarding thresholds, the analysis of the density of use of
Spanish beaches in relation to a range of different atmospheric parameters revealed that “the optimal
thresholds for going to the beach were: a maximum temperature between 28.83 and 31 ◦C; a maximum
Physiological Equivalent Temperature (PET) of between 34.5 and 38.8 ◦C; a percentage of solar radiation
at 13:00 of at least 50%; a wind speed at 13:00 of <8 m/s (or, at the most, <10 m/s); and no rainfall or,
at the most, <1 mm/d or a rainfall event with a duration of <60 min” [60] (p. 135). The densities of use
of the beaches under a range of different weather conditions were also calculated [60].
By combining the bioclimatic criteria with the evidence obtained by observing the behaviour of
sun and beach tourists, we were able to adjust some of the thresholds proposed by Besancenot in his
original classification [48]. This adjusted classification is shown in Table 4. It is important to clarify
that using the behaviour of tourists on Spanish beaches as a reference introduced a small degree of
bias, as both the country of origin of the beach users (mostly Spanish and European tourists, followed
by American tourists) and the particular destination (Mediterranean beaches followed by tropical
beaches) may have affected their behaviour and their expectations regarding weather and climate.
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Table 4. Classification of tropical weather types for sun and beach tourism.
Enjoyment, Comfort
and Safety
Type 1. Very Good Comfortable Weather
I > 7 or Nb < 3
D = 0 or P = 0
29.5 ≤ Tx ≤ 31
2 ≤ V ≤ 8
175 ≤ K < 700
15 ≤ THI ≤ 26.4
U ≤ 26.5
Relative Displeasure
Type 2. Comfortable Weather but Partially Overcast
3 < I ≤ 7 or 3 ≤ Nb < 6
D = 0 or P = 0
23.5 ≤ Tx ≤ 31
2 ≤ V ≤ 8
175 ≤ K < 1049
15 ≤ THI ≤ 26.4
U ≤ 26.5
Type 3. Comfortable Weather but with a Brief Rain Shower
I > 3 or Nb < 6
0 < D < 1.5 or 0 < P < 2
23.5 ≤ Tx ≤ 31
2 ≤ V ≤ 8
175 ≤ K < 1049
15 ≤ THI ≤ 26.4
U ≤ 26.5
Type 4. Good Weather with Strong Winds
I > 3 or Nb < 6
D = 0 or P = 0
23.5 ≤ Tx ≤ 31
8 < V < 10
175 ≤ K < 1049
15 ≤ THI ≤ 26.4
U ≤ 26.5
Relative Discomfort
Type 5. Good Cool Weather
I > 3 or Nb < 6
D = 0 or P = 0
20.8 ≤ Tx ≤ 23.5
2 ≤ V ≤ 8
K ≥ 700
15 ≤ THI ≤ 26.4
U ≤ 26.5
Type 6. Good Hot and Sultry Weather
I > 3 or Nb < 6
D = 0 or P = 0
31 ≤ Tx ≤ 33
2 ≤ V ≤ 8
0 < K < 349
26.5 ≤ THI ≤ 29.9
26.5 < U < 31.3
Absolute Discomfort
and/or Displeasure
Type 7. Bad Weather, Unfavourable for Sun and Beach Tourism
All other kinds of weather (includes the effects of severe hydrometeorological events)
Description legend of tropical weather types: I: duration of sunlight (h); Nb: cloud cover at 13:00 (okts of cloud
cover); D: duration of daily precipitations (h); P: height of daily precipitations (mm); Tx: maximum temperature
(◦C); V: wind speed at 13:00 (m/s); K: cooling power of the wind (W/m2); THI: Thom’s thermal discomfort index
(◦C); U: humidity comfort index (hPa).
In this way, bearing in mind the results of past observations of the behaviour of sun and beach
tourists [60], as well as the variant introduced by the bioclimatic criteria, according to which the
optimum maximum temperatures are those within the 16–33 ◦C range (16 ◦C is the point at which the
body mechanisms that defend us against the cold are triggered and someone who is wearing light
clothes and is not moving begins feeling cold; 33 ◦C is the point at which the body, with exposed bare
skin, is at risk of not being able to let heat flow out to the exterior), maximum temperature values were
set in the proposed classification. A threshold of 29.5–31 ◦C was established for Type 1, which meets
the conditions considered as optimum and guarantees the maximum density of use of the beaches
(density of use 3, according to the aforementioned study). For Types 2, 3 and 4, the threshold was set
between 23.5 ◦C and 31 ◦C, allowing for densities of use of the beaches of over 0.5. For Type 5 (good
cool weather), the threshold values were reduced to 20.8–23.5 ◦C. For Type 6 (good hot sultry weather),
the threshold values were in the 31–33 ◦C range.
Bearing in mind the information obtained by observing the behaviour of sun and beach tourists [60],
as well as the length of the day and the maximum possible hours of sunshine in the study area (which
ranges from 10 h 46 min on 21 December to 13 h 31 min on 21 June), it was decided that the minimum
amount of sunshine compatible with maximum enjoyment is 7 h (Type 1). This minimum limit can be
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reduced to 3 h of sunshine/day for the weather types with good weather and the occasional drawback
(Types 3, 4, 5 and 6). The threshold was set at 3 < I ≤ 7 h for Type 2 (good weather with partial cloud
cover). The threshold for Type 7 (bad weather unsuitable for sun and beach tourism) was set at less
than 3 h/day.
The effect of rain on the enjoyment and safety of tourist activities is well known, especially in
the case of outdoor activities such as sunbathing on the beach. Rain in excess of certain thresholds
may act as a limiting factor, capable of eclipsing all other favourable elements and creating, by itself,
an impression of poor weather. According to the observed behaviour of sun and beach tourists,
the maximum rainfall thresholds are 1 mm or 60 min per day. Given the climate characteristics of
the destination in this study, which has a humid, tropical climate with a rainy season in the summer,
the aforementioned thresholds were extended to 2 mm or 90 min per day. Weather Types 1, 2, 4, 5
and 6 do not allow for any rainfall at all over the period 0.00–24.00 h. Type 3 (comfortable weather
with a brief period of rain) allows for precipitations lasting less than 1.5 h a day or in amounts of up to
2 mm per day. Finally, rainy days can be classified as Type 7, when precipitation levels exceed the
thresholds for Type 3. Days in which there are extreme hydrometeorological events were also classified
as weather Type 7.
Regarding wind speed, it was observed that the most favourable weather types for sun and beach
tourism (Types 1, 2, 3, 5 and 6) had light wind speeds of less than 8 m/s. For Type 4 (good weather
with strong winds), wind speeds between 8 and 10 m/s were considered acceptable. Finally, on Type
7 days, considered unsuitable for sun and beach tourism, wind speeds may be even higher than on
windy days (Type 4).
Regarding comfort indices, although there are more complete, integrative proposals as reported
in reviews by De Freitas & Grigorieva [76] and Potchter et al. [77], we decided to continue using
the Wind Chill Index proposed by Siple and Passel (W/m2), Thom’s thermal discomfort index (◦C)
and the Humidity Comfort Index (hPa), proposed in Besancenot’s classification [48], although the
original optimum favourable thresholds were altered to take into account the fact that sun and beach
tourists are more tolerant to thermal discomfort (Tables 5 and 6). In this way, Type 1 accepts comfort
conditions of 175 W/m2 ≤ K < 700 W/m2, 15 ◦C ≤ THI ≤ 26.4 ◦C and U ≤ 26.5 ◦C. Types 2, 3 and 4
have thresholds of 175 W/m2 ≤ K < 1049 W/m2, 15 ◦C ≤ THI ≤ 26.4 ◦C and U ≤ 26.5 ◦C. Type 5 has
K values of K ≥ 1049 W/m2, 15 ◦C ≤ THI ≤ 26.4 ◦C and U ≤ 26.5 ◦C. For Type 6 (good hot and sultry
weather), the following conditions applied: 0 W/m2 < K < 349 W/m2, 26.5 ◦C ≤ THI ≤ 29.9 ◦C and
26.5 ◦C < U < 31.3 ◦C.
Table 5. Siple and Passel Index: Cooling power of the wind (K) and comfort conditions.
K Comfort Conditions Value
0–174 Hot Discomfort −2
175–349 Hot Subcomfort −1
350–699 Neutral Comfort 0
700–1049 Cold-Subcomfort +1
+1050 Cold Discomfort +2
Table 6. Thom’s thermal discomfort index and comfort conditions.
THI Comfort Conditions
≥ 30 Torrid
26.5 to 29.9 Very Hot
20.0 to 26.4 Hot
15.0 to 19.9 Comfortable
13.0 to 14.9 Cool
−1.7 to 12.9 Cold
−9.9 to −1.8 Very Cold
≤−9.9 Extremely Cold
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The proposed weather types classification was applied for the whole year. It was calculated on a
daily basis and presented in graphs on a monthly scale.
2.3. Data
In line with the above, this study presents the distribution of the climate conditions for tourism at
the Jardines del Rey Cuban tourist region for the base period and for a future period based on outputs
from the PRECIS-Caribbean Regional Climate Model for SRES A2 and B2 [9,78–81]. In the IPCC
Fifth Assessment Report (IPCC, 2014), four new scenarios were defined, referred to as Representative
Concentration Pathways (RCP). These cover a broader range than the emissions scenarios (SRES) used
in previous assessments by the IPCC, in that they consider climate policies and evaluate a wider range
of emissions. The projections provided by the AR4 and AR5 are not directly comparable because they
are based on different collections of scenarios, but both are consistent with each other. The projections
allow some comparison only between the scenarios that are close in terms of volume and rate of
emission (in climate forcing terms, RCP 8.5 is consistent to SRES scenario A2/A1FI and RCP 6.0 is
consistent to B2).
Regarding the data used, the base period 1991–2014 was defined on the basis of observations from
meteorological station 78,339 in Cayo Coco. This station belongs to the Coastal Ecosystems Research
Centre (Centro de Investigaciones de Ecosistemas Costeros or CIEC), which provides information to
the national stations network of the Cuba Meteorology Institute (INSMET). We also considered the
primary variables involved in the classification of weather types, based on the daily data outputs from
the PRECIS-Caribbean Regional Climate Model, which, in turn, used boundary data generated by the
Echam-4 General Circulation Model in future climate scenarios A2 and B2 (Big Caribbean domain,
50 × 50 km, 1961–2100). The model output point (22◦ N–78◦ W) corresponds with the location of the
meteorological station. A total of 19,723 days was analysed, 8766 of which were from the base period
and 10,957 were from the future period 2021–2050. A total of 138,061 pieces of data were used to
calculate the parameters that are really covered by the weather type, as well as to enable the correction
of the output from the model and the calculation of the bioclimatic indices for the future period.
The output data from the PRECIS-Caribbean Regional Climate Model were processed using the
Microsoft Excel program in order to verify the accuracy of the model, which can be idealized as a
simple comparison of the prediction made by the model and the real weather using the years from the
base period (1991–2014).
Accuracy = Prediction by the Model − Real Weather (1)
Some of the daily outputs for scenarios A2 and B2 were different from the real values measured by
the station (the wind force and relative humidity were lower in the model output and the temperature
values were higher than the real temperature). The variables were therefore adjusted to bring them as
close as possible to the real value by means of a bimonthly coefficient.
In order to determine whether there were any statistically significant differences between the
variables from the model, the corrected variables and those from the station, we decided to carry out
the Multiple Sample Comparison procedure, which was designed to compare two or more independent
samples of data using the Statgraphics program. The result corroborated the null hypothesis that
there are statistically significant differences between the station data and those modelled by PRECIS.
Therefore, we decided to determine a coefficient (bimonthly) to adjust the values of the model to bring
the values closer to the climatic reality. The graphs and the analyses of the data were prepared using
Excel and MatLab.
The coefficient was made by taking the data from the base period of the model and the station.
Once the coefficient was determined and the model outputs were adjusted, the new values obtained
were submitted to rule out the existence of statistically significant differences. The adjusted values
complied with the condition, as they did not present statistically significant differences from those of
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the station. Therefore, the coefficients were taken to adjust the model values for the 2021–2050 period,
so that the prediction that was made as close to the future climate scenario in the area.
3. Results
We now show the results for the base period 1991–2014 of the application of the tropical weather
types classification for sun and beach tourism. We then present the results for the period 2021–2050,
generated by the PRECIS-Caribbean Regional Climate Model for SRES A2 and B2.
3.1. Classification of the Weather Types in Jardines del Rey (1991–2014)
The results for the base period (Figure 1) show that weather types 1, 2, 3 and 4 predominated in
the period November to April. These weather types were also recorded in May and October, although
in smaller numbers. Of these four weather types, Type 1 (ideal weather) was the most frequently
recorded weather type in the period November to April, with an average of 31% of the days. February
was the only month in which there were more days with Type I weather than with Type 7 weather:
37.8% compared to 32.4%, respectively. Of weather Types 2, 3 and 4 (good weather with a relative
degree of unpleasantness), the type that appeared most frequently during the period November to
April was Type 4, good weather with strong winds.Atmosphere 2020, 11, x 12 of 19 
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Figure 1. Annual distribution of weather types in Jardines del Rey (1991–2014).
Type 7 weather, unsuitable for sun and beach tourism, was recorded in every single month of the
year. Within the period analysed (1991–2014), 60% of days registered this weather type. The months
with the highest numbers of days with Type 7 weather were June, July, August, September and October
(be ween 74.2% and 85.5%), the months classified as “low s son” for tourism in Cuba.
The least frequent weather type was Type 5 (relative discomfort due to cool weather), at around
0.5%, with just 48 days in the 24-year analysis period. These cool temperatures were recorded in January,
February and December. These are winter months, a period when Cuba is affected by frontal systems.
By contrast, Type 6 (relative discomfort due to heat) weather occurred all year round. From June to
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September, about 6 days a month (20%) were classified as Type 6, and significant percentage levels
can also be observed in October and December. These nonideal Type 6 bioclimatic conditions at the
Jardines del Rey region in the period June–October, in which there is a relative degree of discomfort
due to heat, can combine with other days that are totally unfavourable for sun and beach tourism
(Type 7), due to a high degree of heat-related discomfort, strong winds or heavy rain. These factors
explain why this period is classified as “low season.”
The distribution of favourable weather types at the Jardines del Rey region over the period
1991–2014 shows a high correlation with the monthly distribution of tourists during the same
period (R = 0.92 and R2 = 0.84, a significant correlation given that the p value is less than 0.01)
(Figure 2). This finding validates the classification proposed here. When establishing the weather
types, the classification takes into consideration the climatic characteristics of the region, the behaviour
of tourists based on an analysis of their visits to (Spanish) beaches and bioclimatic criteria.
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the period November to April, with average values of around 70% for both scenarios A2 and B2.
These values contrast with the figure of around 57% for the period 1991–2014. January and February
stand out in these new future scenarios, because over 90% of the days have favourable weather types
for sun and beach tourism. According to these scenarios, the number of days in which the weather will
be suitable for sun and beach tourism will increase significantly during the high season, which, for the
Jardines del Rey region, runs from November to April.
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The weather types that will most increase in November–April are Type 2 and Type 4. During
the low season between May d October, Type 6 ill occur about half as frequently as durin the
base period.
For the period 2021–2050 (scenarios A2 and B2), Type 7, which is nfavoura le for sun and beach
tourism, r mained the ominant weather type between June and September, scoring even higher than
in the period 1991–2014, such tha around 95% or 96% of the days during the period 2021–2050 will have
weather Typ 7 compared to the 80% figure recorded during the bas period. Further dev lopment of
sun and bea h tourism at the regio during the summer months (June to September) will be difficult
due to the fact that temperature and humidity levels wil remain high during this par of th year.
months of May and October, which, during the base eriod, recorded 70% and 74.5%, respectively,
of days with unfavourable weather, now show values in the 80–90% range, and can therefore be added
to the months considered unsuitable for sun and beach tourism at the region. The trend toward Type 7
weather conditions was more pronounced in scenario B2.
4. Discussion and Conclusions
Climate change will have serious direct repercussions for island destinations whose economies
are centred on sectors that are highly dependent on the climate. This highlights the need for accurate
assessments of the future potential of tourism in light of these changes, so as to be able either to
adapt tourist activities at these regions to new calendars or to develop new tourism products that can
make the most of new opportunities provided by the climate for particular forms of tourism [23,82].
Assessments of the potential of the climate for tourism purposes are therefore practical tools that can
provide useful information on which important decisions for the management of tourism destinations
can be based [82].
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In this context, the weather types method (representative of the so-called synthetic approach
in tourism climatology research) is an interesting alternative to the various climate tourism indexes
(more typical of the separative approach) which have mainly been used in most of the assessments
carried out to date of the potential of the climate for particular kinds of tourism. In this study,
we used an adapted version of the weather types method proposed by Besancenot in 1991 to present
a classification of tropical weather types for sun and beach tourism. This adapted version enabled
us to take advantage of the main strengths of Besancenot’s original version, while, at the same time,
overcoming some of its inherent limitations. These limitations have also been and continue to be a
feature of some of the indexes frequently used in the field of tourism climatology [70,71]. In this sense,
the classification presented here has enabled us to:
(a) Work with the daily combination of different climate variables that, together, make up the
weather, not as an abstract concept but as the daily atmospheric situation experienced by tourists.
This means that tourists can identify the proposed weather types as real situations, which are
currently being recorded or will be recorded at the destination. Hence, tourists can discover
their frequency in numbers of days a month (a value that is easy for all to understand). This is a
significant difference compared to the climate tourism indexes traditionally used in the field of
tourism climatology, which offer global suitability values for a particular tourism activity that are
easy to understand but are rarely associated with real atmospheric situations.
(b) Contextualize the proposal within a regional climate framework. In a particular climate context
(in our case, tropical climates), the daily weather conditions are generally reduced to a limited
number of weather types, which are specific to and characteristic of the place. In this way,
the established weather types take into account the main defining features of the climate of
the region.
(c) Take into account tourists’ needs in terms of enjoyment, comfort and safety in the classification
of the weather types. This was done either through the selection of the weather variables to be
included in the weather types, or via the differentiation and hierarchization between favourable
(which meet these needs in full or in part) and unfavourable weather types (which do not meet
some or any of these needs).
(d) Take into account the segmentation of the tourism market, in this case manifested in the choice
of the type of tourism to be studied: Sun and beach. The method adapted well to more
detailed segmentation, an aspect of fundamental importance given the current situation of the
hypersegmentation of the tourism market. This will be an important future line of research in the
field of tourism climatology.
(e) Take empirical comparisons into account when establishing the order of the different weather
types in the classification and when establishing the thresholds for the atmospheric variables
considered for the different weather types. In this case, the practical comparison took into account
the behaviour of sun and beach tourists observed in previous research [60]. The fact that this
previous research was conducted in a different climate context (medium latitudes/Mediterranean
climate) introduced a small degree of bias into the current study in that both the origin of the
users of the beaches and the destination could have affected the behaviour and the weather
expectations of the tourists. This limitation should be resolved in future research by observing
and measuring the behaviour of tourists on Cuban beaches.
(f) Consider the bioclimatic aspects as rational criteria that can impose limits on certain thresholds
on the basis of the unsuitable behaviour of tourists in weather situations in which their comfort or
safety are compromised. These bioclimatic aspects were taken into account via the maximum
temperature and comfort index values included in the weather types. In future research, these
comfort indexes could be complemented by other more complete indexes, such as Physiological
Equivalent Temperature (PET).
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The classification of weather types applied in this study enabled us to find out more about the
climate potential for tourism purposes of Jardines del Rey (Cuba) for the base period (1991–2014)
and for a future period (2021–2050) based on outputs from the PRECIS-Caribbean Regional Climate
Model for scenarios SRES A2 and B2. The results obtained from the application of this method provide
extremely useful data for a touristic region that has been studied very little in the scientific literature
on this subject to date. The results showed, for example, that the distribution of weather types at
the destination during the period 1991–2014 was highly consistent with the monthly distribution of
tourists in Cuba (R = 0.92 and R2 = 0.84, a significant correlation at level 0.01). Two clearly distinct
periods can be identified. The first, which ran from May to October, was not ideal for sun and beach
tourism, due to the discomfort produced by the high temperatures and the high relative humidity
and due to the fact that it coincided with the rainy period and the hurricane season in the Caribbean.
These conditions, which were covered by weather Types 6 and 7 (those which occurred most frequently
in the summer months) help explain, from a climate point of view, why less tourists visited the region
during the summer. The second period, which ran from November to April, was generally favourable
for sun and beach tourism at this region and largely coincided with the period classified as “high
season.” Of the days in this period, 57% were suitable for sun and beach tourism and the most frequent
weather type was Type 1 (ideal for sun and beach activities).
The future scenarios (2021–2050 period) indicated an improvement in the climate conditions for
sun and beach tourism in Jardines del Rey, which was slightly more pronounced in scenario A2 than
in B2. This improvement was not based on a spectacular increase in the favourable weather types
compared to the unfavourable ones, but rather in a better distribution of both. In this way, the projection
showed the same differentiation between the high and low seasons, but with a polarization of the
weather conditions in each: There will be an increase in the number of days that are favourable for
sun and beach tourism during the high season (average values will be over 70% of the days) and,
in particular, in the number of days with the most suitable weather types (Types 1 and 2). At the other
end of the scale, there will also be an increase in the number of days that are not suitable for sun and
beach tourism during the low season. This seems to be the result, above all, of changes in the main
comfort indices assessed, with a predicted decrease in the cooling power of the wind and an increase
in Thom’s thermal discomfort index during this period.
The future improvement in climate conditions for the practice of sun and beach tourism in Jardines
del Rey (Cuba) must be taken into account in the management of tourism at the region, in terms of the
flows of visitors, the model for development of tourism products at the destination and the way the
region is marketed.
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